Background Aim of the COSMIN study (COnsensusbased Standards for the selection of health status Measurement INstruments) was to develop a consensus-based checklist to evaluate the methodological quality of studies on measurement properties. We present the COSMIN checklist and the agreement of the panel on the items of the checklist. Methods A four-round Delphi study was performed with international experts (psychologists, epidemiologists, statisticians and clinicians). Of the 91 invited experts, 57 agreed to participate (63%). Panel members were asked to rate their (dis)agreement with each proposal on a five-point scale. Consensus was considered to be reached when at least 67% of the panel members indicated 'agree' or 'strongly agree'. Results Consensus was reached on the inclusion of the following measurement properties: internal consistency, reliability, measurement error, content validity (including face validity), construct validity (including structural validity, hypotheses testing and cross-cultural validity), criterion validity, responsiveness, and interpretability. The latter was not considered a measurement property. The panel also reached consensus on how these properties should be assessed. Conclusions The resulting COSMIN checklist could be useful when selecting a measurement instrument, peerreviewing a manuscript, designing or reporting a study on measurement properties, or for educational purposes.
Introduction
Measurement of health outcomes is essential in scientific research and in clinical practice. Based on the scores obtained with measurement instruments, decisions are made about the application of subsequent diagnostic tests and treatments. Health status measurement instruments should therefore be reliable and valid. Otherwise there is a serious risk of imprecise or biased results that might lead to wrong conclusions. Organisations such as the US Food and Drug Administration (FDA) and the European Medicines Agency (EMEA) require that measurement instruments must be well validated for its purpose [1, 2] . The need for reliable and valid measurement instruments of health outcomes was clearly demonstrated by Marshall, who showed in schizophrenia trials that authors were more likely to report that treatment was superior to control when an unpublished measurement instrument was used in the comparison, rather than a published instrument [3] .
Before a health status measurement instrument can be used in research or clinical practice, its measurement properties, i.e. reliability, validity and responsiveness, should be assessed and considered adequate. Studies evaluating measurement properties should be of high methodological quality to guarantee appropriate conclusions about the measurement properties of an instrument. To evaluate the methodological quality of a study on measurement properties, standards are needed. Although many standards and criteria have been proposed, these have not been operationalised into user-friendly and easily applicable checklists (e.g. [4, 5] ). Moreover, these standards do not pay attention to studies that apply Item Response Theory (IRT) models, or are not consensus based (e.g. [6, 7] ). Such a checklist should contain a complete set of standards (which refers to the design requirements and preferred statistical methods) and criteria of adequacy for what constitutes good measurement properties. Broad consensus is necessary in order to achieve wide acceptance of a checklist.
Research on measurement properties is particularly important for health outcomes that are directly reported by patients, i.e. health-related patient-reported outcomes (HR-PROs). A HR-PRO is a measurement of any aspect of a patient's health status that is directly assessed by the patient, i.e. without the interpretation of the patient's responses by a physician or anyone else [2] . Modes of datacollection for HR-PRO instruments include intervieweradministered instruments, self-administered instruments, or computer-administered instrument [2] . Examples of HR-PROs are questionnaires assessing symptoms, functional status, and health-related quality of life. These are constructs which are not directly measurable. Because of the subjective nature of these constructs, it is very important to evaluate whether the measurement instruments measure these constructs in a valid and reliable way.
The COSMIN initiative (COnsensus-based Standards for the selection of health Measurement Instruments) aims to improve the selection of health measurement instruments. As part of this initiative, the aim of this study was to develop a checklist containing standards for evaluating the methodological quality of studies on measurement properties. The checklist was developed as a multidisciplinary, international collaboration with all relevant expertise involved. We performed a Delphi study to address two research questions:
1. Which measurement properties should be included in the checklist? 2. How should these measurement properties be evaluated in terms of study design and statistical analysis (i.e. standards)?
In this paper, we present the COSMIN checklist, and describe the agreement of the panel concerning the items included in the checklist.
Methods

Focus of the COSMIN checklist
The COSMIN checklist is focused on evaluating the methodological quality of studies on measurement properties of HR-PROs. We choose to focus on HR-PROs, because of the complexity of these instruments. These instruments measure constructs that are both multidimensional and not directly measurable.
In addition, we focused on evaluative applications of HR-PRO instruments, i.e. longitudinal applications assessing treatment effects or changes in health over time. The specification of evaluative is necessary, because the requirements for measurement properties vary with the application of the instrument [8] . For example, instruments used for evaluation need to be responsive, while instruments used for discrimination do not.
The COSMIN Steering Committee (Appendix 1) searched the literature to determine how measurement properties are generally evaluated. Two searches were performed: (1) a systematic literature search was performed to identify all existing systematic reviews on measurement properties of health status measurement instruments [9] . From these reviews, information was extracted on which measurement properties were evaluated, and on standards that were used to evaluate the measurement properties of the included studies. For each measurement property, we found several different standards, some of which were contradictory [9] . (2) The steering committee also performed another systematic literature search (available on request from the authors) to identify methodological articles and textbooks containing standards for the evaluation of measurement properties of health status measurement instruments. Articles were selected if the purpose of the article was to present a checklist or standards for measurement properties. Standards identified in the aforementioned literature were used as input in the Delphi rounds.
International Delphi study Subsequently, a Delphi study was performed, which consisted of four written rounds. The first questionnaire was sent in March 2006, the last questionnaire in November 2007. We decided to invite at least 80 international experts to participate in our Delphi panel in order to ensure 30 responders in the last round. Based on previous experiences with Delphi studies [10, 11] , we expected that 70% of the people invited would agree to participate, and of these people 65% would complete the first list. Once started, we expected that 75% would stay involved. We included experts in the field of psychology, epidemiology, statistics, and clinical medicine. Among those invited were authors of reviews, methodological articles, or textbooks. Experts had to have at least five publications on the (methods of) measurement of health status in PubMed. We invited people from different parts of the world.
In the first round, we asked questions about which measurement properties should be included in the checklist, and about their terms and definitions. For example, we asked for the measurement property internal consistency 'which term do you consider the best for this measurement property?', with the response options 'internal consistency', 'internal consistency reliability', 'homogeneity', 'internal scale consistency', 'split-half reliability', 'internal reliability', 'structural reliability', 'item consistency', 'intra-item reliability', or 'other' with some space to give an alternative term. Regarding the definitions, we asked 'Which definition do you consider the best for internal consistency?', and provided seven definitions that were found in the literature and the option 'other' where a panel member could provide an alternative definition. In round two, we introduced questions about preferred standards for each measurement property. We asked questions about design issues, i.e. 'Do you agree with the following requirements for the design of a study evaluating internal consistency of HR-PRO instruments in an evaluative application? (1) One administration should be available. (2) A check for uni-dimensionality per (sub) scale should be performed. (3) Internal consistency statistics should be calculated for each (sub) scale separately'. The panel could answer each item on a 5-point scale ranging from strongly disagree to strongly agree. Next, the panel was asked to rate which statistical methods they considered adequate for evaluating the measurement property concerned. A list of potential relevant statistical methods for each measurement property was provided. For example, for internal consistency the following often used methods were proposed: 'Cronbach's alpha', 'Kuder-Richardson formula-20', 'average item-total correlation', 'average inter-item correlation', 'split-half analysis', 'goodness of fit (IRT) at a global level, i.e. index of (subject) separation', 'goodness of fit (IRT) at a local level, i.e. specific item tests', or 'other'. Panel members could indicate more than one method. In the third round, we presented the most often chosen method, both the one based on CTT and the one based on IRT, and asked if the panel considered this method as the most preferred method to evaluate the measurement property. For internal consistency, these were 'Cronbach's alpha' and 'goodness of fit (IRT) at a global level, i.e. index of (subject) separation', respectively. In the third round, the panel members were asked whether the other methods (i.e. 'Kuder-Richardson formula-20', 'average item-total correlation', 'average inter-item correlation', 'split-half analysis', 'goodness of fit (IRT) at a local level, i.e. specific item tests') were also considered appropriate. Panel members could also have indicated 'other methods' in round 2. Indicated methods were 'eigen-values or percentage of variance explained of factor analysis,' 'Mokken Rho' or 'Loevinger H' for internal consistency. In round 3, the panel was also asked whether they considered these methods as appropriate for assessing internal consistency. In the final Delphi round, all measurement properties and standards that the panel agreed upon were integrated by the steering committee into a preliminary version of the checklist for evaluating the methodological quality of studies on measurement properties.
In each Delphi round, the results of the previous round were presented in a feedback report. Panel members were asked to rate their (dis)agreement with regard to proposals. Agreement was rated on a 5-point scale (strongly disagree-disagree-no opinion-agree-strongly agree). The panel members were encouraged to give arguments for their choices to convince other panel members, to suggest alternatives, or to add new issues. Consensus on an issue was considered to be reached when at least 67% of the panel members indicated 'agree' or 'strongly agree' on the 5-point scale. If less than 67% agreement was reached on a question, we asked it again in the next round, providing pro and contra arguments given by the panel members, or we proposed an alternative. When no consensus was reached, the Steering Committee took the final decision. 
Results
Panel members
We invited 91 experts to participate of whom 57 (63%) agreed to participate. The main reason for non-participation was lack of time. Nineteen experts (21%) did not respond. Of the 57 experts who agreed to participate, 43 (75%) experts participated in at least one round, and 20 (35%) participated in all four rounds. The average number (minimum-maximum) of years of experience in measuring health or comparable fields (e.g. in educational or psychological measurements) was 20 (6-40) years. Most of the panel members came from Northern America (n = 25) and Europe (n = 29), while two were from Australia and one was from Asia. The response rate of the rounds ranged from 48 to 74%. Six panel members (11%) dropped out during the process. The names of all panel members who completed at least one round are presented in the ''Acknowledgements''.
The COSMIN taxonomy
In the Delphi study, we also developed a taxonomy of the relationships of measurement properties that are relevant for evaluating HR-PRO instruments, and reached consensus on terminology and definitions of these measurement properties. The relationships between all properties are presented in a taxonomy (Fig. 1) . The taxonomy comprises three domains (i.e. reliability, validity, and responsiveness), which contain the measurement properties. The measurement property construct validity contains three aspects, i.e. structural validity, hypotheses testing, and cross-cultural validity. Interpretability was also included in the taxonomy and checklist, although it was not considered a measurement property, but nevertheless an important characteristic. The percentages agreement on terminology and position in the taxonomy are described elsewhere [12] . 
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Fig. 1 COSMIN taxonomy of relationships of measurement properties
The COSMIN checklist
The results of the consensus reached in the Delphi rounds were used to construct the COSMIN checklist (Appendix 2). The checklist contains twelve boxes. Ten boxes can be used to assess whether a study meets the standard for good methodological quality. Nine of these boxes contain standards for the included measurement properties (internal consistency (box A), reliability (box B), measurement error (box C), content validity (box D), structural validity (box E), hypotheses testing (box F), cross-cultural validity (box G), criterion validity (box H) and responsiveness (box I), and one box contains standards for studies on interpretability (box J). In addition, two boxes are included in the checklist that contain general requirements for articles in which IRT methods are applied (IRT box), and general requirements for the generalizability of the results (Generalizability box), respectively.
To complete the COSMIN checklist, a 4-step procedure should be followed (Fig. 2) [13].
Step 1 is to determine which properties are evaluated in an article.
Step 2 is to determine if the statistical methods used in the article are based on Classical Test Theory (CTT) or on Item Response Theory (IRT). For studies that apply IRT, the IRT box should be completed.
Step 3 is to complete the boxes with standards accompanying the properties chosen in step 1. These boxes contain questions to rate whether a study meets the standards for good methodological quality. Items are included about design requirements and preferred statistical methods of each of the measurement properties (boxes A to I). In addition, a box with items on interpretability of the (change) score is included (box J). The number of items in these boxes range from 5 to 18.
Step 4 of the procedure is to complete the box on general requirements for the generalizability of the results. This Generalizability box should be completed for each property identified in step 1. We developed a manual describing the rationale of each item, and suggestions for scoring [13] .
Consensus among the panel
In Table 1 , we present ranges of percentage agreement of the panel members for each box, both for the design requirements and the statistical methods. Most of these issues were discussed in rounds 2 and 3.
Percentage agreement among the panel members on the items 1-3 in the IRT box ranged from 81 to 96%. Item 4 (i.e. checking the assumptions for estimating parameters of the IRT model) was included based on a suggestion of a panel member in round 4. Therefore, no consensus was rated, and the Steering Committee decided on including this item.
Four items included in the checklist had less than 67% agreement of the panel: item 9 of box A internal consistency, item 11 for box C measurement error, and items 11 and 17 of box I responsiveness. All but one was about the statistical methods. For different reasons, which we will successively explain, the Steering Committee decided to include these four items in the checklist.
When asking about the preferred statistical method for internal consistency, we initially did not distinguish between types of scores, i.e. dichotomous or ordinal scores (item 9). Therefore, Cronbach alpha was preferred over Kuder-Richardson Formula 20 (KR-20). However, the Steering Committee decided afterward that KR-20 was considered appropriate for dichotomous scores as well.
Item 11 of box C measurement error contains three methods, i.e. standard error of measurement (SEM), smallest detectable change (SDC) and Limits of Agreement (LOA). In round 3, SEM was chosen as the preferred method for measuring measurement error (76% agreement). When asking about other appropriate methods, only 20% agreed with SDC, and 28% with LOA. Despite the low percentages agreement reached in round 3 on accepting SDC and LOA as appropriate methods, the Steering Committee decided afterward that both methods should be considered appropriate to measure measurement error and were included in the checklist. The SDC is a linear transformation of the SEM [14] , i.e., 1.96 9 H2 9 SEM. Because the SEM is an appropriate method, SDC should also be considered appropriate. The LOA is a parameter indicating how much two measures differ [15] . When these two measures are repeated measures in stable patients, it can be used as a method for assessing measurement error. LOA is directly related to SEM [16] , and we therefore decided to include this method in the checklist.
Item 11 of box I responsiveness (i.e. 'was an adequate description provided of the comparator instrument(s)') was approved by 64% of the panel. Although the percentage agreement was slightly too low, we decided to include this item because it was also included in box F hypotheses testing, reflecting the similarity between construct validity and responsiveness.
Item 17 of box I contains two methods, i.e. correlations between change scores and the area under the receiver operator curve (ROC). Seventy-six percent of the panel considered the first method as the preferred method. This method can be used when both the measurement instrument under study and its gold standard are continuous measures. Only 60% considered the ROC method as an appropriate method to measure responsiveness when a (dichotomous) gold standard is available. In analogy to
diagnostic research, the Steering Committee considered the ROC method an appropriate method to evaluate if a measurement instrument is as good as its gold standard. The Steering Committee therefore decided to include this method.
Discussion
In this Delphi study, we developed a checklist containing standards for evaluating the methodological quality of studies on measurement properties. We consider it useful to Step 1
Step 2 Step 3 Step 4 Are IRT methods used in the article? Fig. 2 The 4-step procedure to complete the COSMIN checklist separate the evaluation of the methodological quality of a study and the evaluation of its results, similar as is done for trials. The COSMIN checklist is meant for evaluating the methodological quality of a study on the measurement properties of a HR-PRO instrument, not for evaluating the quality of the HR-PRO instrument itself. To assess the quality of the instrument, criteria for what constitutes good measurement properties should be applied to the results of a study on measurement properties. Examples of such criteria were previously published by members of our group [6] . However, these criteria are not consensus based. Note that the COSMIN checklist does not include these criteria of adequacy. Although we initially intended to develop these criteria [17] , due to lack of time, and complexity of the issues, we have not developed criteria of adequacy of measurement properties yet. Consensus on such criteria should be obtained in the future. In addition, it might be useful to develop a rating system by which a study can be classified into different quality levels, e.g. excellent/good/fair/poor methodological quality.
The COSMIN checklist can be used to evaluate the methodological quality of studies on measurement properties of health status measurement instruments. For example, it can be used to assess the quality of a study on one measurement instrument or to compare the measurement properties of a number of measurement instruments in a systematic review (e.g. [18, 19] ). In such a review, it is important to take the methodological quality of the selected studies into account. If the results of high quality studies differ from the results of low-quality studies, this can be an indication of bias. The COSMIN checklist can also be used as guidance for designing or reporting a study on measurement properties. Furthermore, students can use it when learning about measurement properties, and reviewers or editors of journals can use it to appraise the methodological quality of articles or grant applications of studies on measurement properties.
There are theoretical arguments that there is a need for an instrument to demonstrate good reliability, validity, and responsiveness. To our knowledge, Marshall [3] is the only one who empirically showed that the results of studies can differ when validated measurement instruments are used compared to studies in which non-validated instruments are used. However, more empirical research should be conducted to support the need. Studies could be conducted for this purpose, for example, in which the results of randomized controlled trials (RCTs) that uses well-responsive measurement instruments and RCTs that uses instruments with unknown responsiveness, are compared.
A Delphi approach is useful for situations in which there is a lack of empirical evidence, and there are strong differences of opinion. The answers of the research questions of the COSMIN study cannot empirically be investigated. Therefore, agreement among experts is useful. In the literature, cut-offs between 55 and 100% are used [20] . The cut-off of 67% for consensus was arbitrarily chosen.
It is impossible to draw a random sample from all experts. Therefore, the selection of experts was necessarily non-systematic. All first and last authors identified by any of the two systematic literature searches described in the method section were considered as potential experts. We added people who we considered experts and who were not yet on the list. As a check of being an expert, we searched PubMed to see whether an author had published at least five articles on measurement issues. We considered a total of 30 experts sufficient to have a spread over the variety of opinion, and not too large to keep it manageable.
In this study, we focused on HR-PRO instruments. However, the same measurement properties are likely to be relevant for other kind of health-related measurement instruments, such as performance-based instruments and clinical rating scales. Furthermore, we focused on evaluative instruments. However, for discriminative or predictive purposes, the design requirements and standards for the measurement properties are likely the same.
The COSMIN checklist gives general recommendations of HR-PRO measurements. Some of the standards in the COSMIN checklist need further refinement, e.g. by defining what an adequate sample size is or an adequate testretest time interval or when something is adequately described. Since these issues are highly dependent on the construct to be measured, users should make these decisions for their own application.
To help future users of the COSMIN checklist, we described some of the discussions we have had in the Delphi rounds about the standards elsewhere [21] . In the manual [13] , we described a rationale for each item and suggestions for scoring the items in the checklist.
The COSMIN initiative aims to improve the selection of measurement instruments. As a first step, we have reached consensus on which measurement properties are important and we have developed standards for how to evaluate these measurement properties. The COSMIN checklist was developed with the participation of many experts in the field. The COSMIN checklist will facilitate the selection of the most appropriate HR-PRO measure among competing instruments. By involvement of many experts in the development process of the COSMIN checklist, it is highly probable that all relevant items of all relevant measurement properties are included, contributing to its content validity. In addition, we are planning to evaluate the inter-rater reliability of the COSMIN checklist in a large international group of researchers.
